Four species of Mammomonogamus are known from large African herbivores. A recent study demonstrated that a single Mammomonogamus species was shared by both western lowland gorillas (Gorilla gorilla gorilla) and African forest elephants (Loxodonta cyclotis) in Central African Republic, suggesting lower species diversity than previously described in literature. We examined more than 500 fecal samples collected from sympatric African forest elephants, western lowland gorillas, and African forest buffaloes (Syncerus caffer nanus) at four study sites across Central Africa and examined them by coproscopic methods to detect Mammomonogamus eggs, which were found at three of the study sites. Subsequently, sequences of 18S rDNA, 28S rDNA, and cox1 amplified from individual eggs were analyzed. Phylogenetic analyses of both nuclear and mitochondrial DNA revealed two clades: one formed by sequences originating from Gabonese buffaloes and the other comprising gorillas and elephants. The gorilla-elephant clade was further differentiated depending on the locality. We show the existence of at least two distinct species of Mammomonogamus, M. loxodontis in elephants and gorillas and M. nasicola in buffaloes. The available information on Mammomonogamus in African herbivores is reviewed.
Introduction
Many pathogens, including parasitic helminths, are capable of infecting multiple host species and, similarly, one host can be infected by multiple parasites (Woolhouse et al. 2001; Walker et al. 2017) . The spectrum of host species at each stage of parasite's life cycle is one of the most fundamental characteristics of host specificity, the main hallmark of a true species trait (Poulin 2007a) . Although host specificity has important implications for human health, animal husbandry, and wildlife conservation (Herd 1986; Martin et al. 2011; Cooper et al. 2012; Standley et al. 2013; Hasegawa et al. 2014) , this knowledge is lacking for most parasite taxa. While most past studies have focused on one-host-one-parasite models, contemporary research on parasite ecology addresses the relationships within communities in multi-parasite and multi-host systems, thus reflecting the real situation in nature (Telfer et al. 2010; Johnson et al. 2015; Walker et al. 2017; Webster et al. 2017) . Even though host switching is more probable among phylogenetically related host species, it is far from impossible even among phylogenetically distant hosts (Poulin 2007a; Cooper et al. 2012; Walker et al. 2017) .
On the African continent, four species of the genus Mammomonogamus parasitize the respiratory tract of a number of large herbivores and primates, including the African forest elephants Loxodonta cyclotis, Matschie (1900); western lowland gorillas Gorilla gorilla gorilla Savage & Wyman (1847); African forest buffaloes Syncerus caffer nanus, Boddaert (1785); okapis Okapia johnstoni, Sclater (1901); hippopotamuses Hippopotamus amphibius, Linnaeus (1758); African buffaloes Syncerus caffer, Sparrman (1779); mandrills Mandrillus sphinx, Linnaeus (1758); and several antelope species and domestic ruminants (von Linstow 1899; Gedoelst 1924; Ghesquière 1934; Vuylsteke 1935; van den Berghe 1937; Sachs and Sachs 1968; Sachs and Debbie 1969; Graber et al. 1971; Graber et al. 1972; Vercruysse 1978; Opasina and Dipeolu 1983; Freeman et al. 2004; Kinsella et al. 2004; Setchell et al. 2007; Červená et al. 2017) (Fig. 1) . All the African species of Mammomonogamus have been described based solely on adult worm morphology (von Linstow 1899; Gedoelst 1924; Vuylsteke 1935; van den Berghe 1937;  Table 1 ) and with the host species considered as one of the major criteria for defining a new species. However, although morphological species' descriptions remain essential, estimates of host specificity based solely on the parasite morphological identification are fast losing their validity, and the specificity of most parasite taxa needs to be reassessed based on both morphological and genetic and/or experimental data (Poulin and Keeney 2008; Budischak et al. 2012; Streicker et al. 2015) .
In our recent study (Červená et al. 2017) , we provided evidence for a single Mammomonogamus species, tentatively referred to as M. loxodontis (Vuylsteke, 1935) , being shared by sympatric African forest elephants and western lowland gorillas in Dzanga Sangha Protected Areas in Central African Republic. Such results suggest the real diversity of African Mammomonogamus species to be lower than the number of nominal taxa described from various hosts. Simultaneously, these results raised the question of diversity and host specificity of Mammomonogamus of herbivores in multi-host systems in other African localities. In the present study, we first reviewed the information on African Mammomonogamus species. Second, in an attempt to answer persisting and newly emerging questions, we investigated occurrence and genetic diversity of Mammomonogamus in a broader set of samples obtained from study sites in Cameroon, Gabon, and Central African Republic, where African forest buffaloes, lowland gorillas, and forest elephants live in sympatry. Phylogenetic analyses of sequences of both nuclear and mitochondrial markers revealed a range of haplotypes clustering into three subclades, clearly differing from the reference sequence of Mammomonogamus laryngeus. The number of putative species is discussed and compared to intraspecific variability found in related ancylostomatid and syngamid nematodes.
Material and methods

Study sites, sampling, and coproscopic examination
Material was obtained from three study sites in Gabon and Cameroon (Fig. 1) , listed as follows:
(1) Loango National Park (LNP), Gabon
The samples were collected in a ± 24,000 ha private ecotourism concession under development, situated on the Atlantic coast ca 150 km south of Port-Gentil from May to July 2014. The character of the habitat is described in Morgan (2007) and Head et al. (2013) .
The CMNP is situated on the south of Cameroon on the border with the Republic of Equatorial Guinea. The samples were collected in the northern part of the Dipikar Island (350 km 2 ) in the south-western part of the park from September to October 2013. For more details about the habitat, see Tchouto (2004) and Bekhuis et al. (2008) .
The DFR is situated in southeast Cameroon. Samples were collected in ca 30 × 30 km area on the northern periphery of DFR between the villages of Doumo Pierre and Mimpala and the research camp La Belgique from August to October 2014. Habitat composition of the area is characterized in Willie et al. (2012; .
Samples from the three sites under investigation were supplemented with samples collected from habituated gorillas and wild forest elephants collected in the Dzanga-Sangha Protected Areas (DSPA), Central African Republic, in which the 18S rDNA and cox1 sequences were already analyzed (Červená et al. 2017) . These samples were used to obtain 28S rDNA sequences for analyses in the present study, and Mammomonogamus prevalence values were added for comparison with other sites. Fecal samples of wild forest buffaloes from the same locality were examined in the present study.
Fecal samples (not older than 12 h) of unhabituated gorillas were collected from nest sites and/or opportunistically on the forest trails (LNP, DFR, CMNP). Fecal samples of elephants (LNP, DFR) and buffaloes (LNP, DSPA) were collected opportunistically during regular patrol by the research teams and/or trackers and rangers (Supplementary material- Table S1 ). Maximum effort was made to prevent resampling of same individuals; however, occasional resampling of the same individual cannot be ruled out. The samples were divided in two subsamples immediately preserved by addition of 10% formalin and 96% ethanol in the ratio of 1 g of feces to 2 mL of preservative and stored at ambient temperature while in the field. After returning to the laboratory, the ethanol preserved samples were stored at −20°C. All samples were examined by two methods. Initially, the formalin-preserved samples were processed using modified Sheather's flotation solution of specific gravity 1.3 (Sheather 1923 ) with double centrifugation. The sedimentation technique was applied in two modifications: (1) merthiolate-iodine-formaldehyde concentration (MIFC) (Jirků-Pomajbíková and Hůzová 2015) for gorillas and (2) modified simple sedimentation for buffalo and elephant samples. In the latter case, 1.5 mL of homogenized feces was centrifuged for 3 min at 2000 rpm, the supernatant was discarded, and the sediment was resuspended in small volume of water and examined. The examination by light microscopy was performed under 100-400× magnification to detect typical Mammomonogamus spp. eggs. These were distinguished from eggs of gastrointestinal nematodes (GIN) based on the 2-3 μm-thick striated shell and typically two or more big blastomeres. For the prevalence calculation, samples showing = Mammomonogamus sp. Undetermined adults were found in several antelope species, African buffalo, and African elephant in Uganda and Tanzania (Sachs and Sachs 1968; Sachs and Debbie 1969; ; eggs were found in feces of western lowland gorilla and African forest elephant in DSPA Kinsella et al. 2004 ) and mandrills in Gabon (Setchell et al. 2007 ).
= M. nasicola (von Linstow 1899). Type specimens (T) were described from a domestic goat in Yaoundé, Cameroon; later, it was recorded in African forest buffalo in eastern Central African Republic (CAR; Graber et al. 1971) , in zebu in western CAR (Vercruysse 1978) , and in sheep in Southern Nigeria (Opasina and Dipeolu 1983 ). = M. hippopotami (Gedoelst 1924) . Originally described in Nyangwé, Democratic Republic of the Congo (DRC), later found around Lusambo and Kananga (Ghesquière 1934 ). = M. loxodontis (Vuylsteke, 1935) . Recorded in the Yangambi DRC for the first time and most probably the species infecting gorillas and elephants in DSPA (Červená et al. 2017 ). 
Comparative material
Adults of M. laryngeus were collected from a water buffalo Bubalus bubalis, Linnaeus (1758) at a slaughterhouse in the municipality of Soure (Pará state, Brazil). Several Syngamus nematodes were collected from common blackbird Turdus merula, Linnaeus (1758) and carrion crow Corvus corone, Linnaeus (1758) in the Czech Republic and Cyathostoma cf. bronchialis, Mühling (1844) from domestic goose from Slovakia (Supplementary material- Table S1 ). These samples were preserved in 96% ethanol until DNA extraction.
DNA extraction, PCR, and sequencing DNA extraction from mechanically disrupted single eggs was performed using Genomic DNA Mini Kit GT300 (Tissue) (Geneaid, New Taipei City, Taiwan) as described previously (Červená et al. 2017) . Partial sequences of cytochrome c oxidase subunit I (cox1), 18S rDNA, and 28S rDNA were amplified.
Partial sequences of cox1 and 18S were amplified in multiplex PCR using the primers NC18SF1, NC5BR, LCO1490, HCO2198, coxmamF, and coxmamR (Folmer et al. 1994; Chilton et al. 2006; Červená et al. 2017 ) in 25-μL reaction mixtures containing 12.5 μL of Phusion® High-Fidelity PCR Master Mix HF Buffer (New England Biolabs, Ipswich, UK), 0.5 μM of each primer, and 3 μL of template DNA. PCR conditions were as follows: initial denaturation at 98°C for 30 s followed by 35 cycles of 98°C denaturation for 10 s, 55°C annealing for 30 s, and 72°C elongation for 1 min with final post-amplification elongation for 7 min at 72°C. One μL of PCR product was then used as a DNA template for a second PCR round where both markers were amplified separately by using the same polymerase and conditions as in the first round. We used primers NC18SF1 and NC5BR for 18S and different combinations of LCO1490, HCO2198, coxmamF and coxmamR for cox1.
Partial 28S rDNA was amplified using NC2R and NC28R primers (Chilton et al. 2003) following the same PCR protocol as in Červená et al. (2017) . In some cases, NC28R reverse primer was replaced by NC28-12R (Chilton et al. 2003) . Then, the 25-μL PCR mixtures were of the same composition as described above for the second round of PCR for 18S and Vuylsteke (1935) , van den Berghe (1937), and Graber et al. (1972) . There is no unity in the given information, e.g., in some descriptions, the length of the esophagus is given, and in others, only the ratio of the length of esophagus to body length was presented. To compare the data, when needed, the ratios were calculated based on the measurements given. The measurements are in millimeters, if not stated differently. The distance of vulva from anterior end to the length of body cox1 amplification. PCR conditions were the same as for 18S and cox1, but the annealing temperature was 60°C. When low quality sequences were obtained, PCR products were cloned using p-GEM®-T Easy Vector System (Promega, Madison, US). DNA from adult helminths was isolated using Genomic DNA Mini Kit GT300 (Tissue) (Geneaid, New Taipei City, Taiwan). The DNA of M. laryngeus was amplified using the same approach described for DNA originating from eggs. In the case of Syngamus spp., parts of 18S rDNA, 28S rDNA, and cox 1 were amplified using primer pairs NC18SF1, NC5BR (Chilton et al. 2006 ); NC2R, NC28R (Chilton et al. 2003) ; and LCO1490, HCO2198 (Folmer et al. 1994) , respectively. The 25-μL PCR reaction mixture contained 12.5 μL of PPP Master Mix (Top-Bio, Prague, Czech Republic), 0.8 μM of each primer (10) and 1 μL of template DNA. PCR conditions were the same for all DNA markers: initial denaturation at 94°C for 1 min, followed by 35 cycles of 94°C denaturation for 40 s, 50°C annealing for 40 s, 65°C elongation for 40 s, followed by a 5 min post-amplification extension at 65°C.
The PCR products were separated in 2% agarose gel, visualized by GoodView™ Nucleic Acid Stain (Ecoli s.r.o., Bratislava, Slovakia) and detected using an UV illuminator. PCR products were purified either directly or from the gel using Gel/PCR DNA Fragments Extraction Kit (Geneaid, New Taipei City, Taiwan). Products were commercially sequenced in both directions by Macrogen (Amsterdam, Netherlands). The nucleotide sequences obtained in this study were submitted to the GenBank under the accession numbers MF667999-MF668042 and MG645004 (Supplementary material- Table S2 ).
DNA sequence alignment and phylogenetic analysis DNA sequences of cox1, 18S rDNA, and 28S rDNA were trimmed, assembled, and manually edited in BioEdit 7.2.3 (Hall 1999 ) and aligned with implemented ClustalW (Larkin et al. 2007) . Phylogenetic information in the datasets was tested by likelihood mapping (Strimmer and Haeseler 1997) . Pairwise sequence distances (PSD) were calculated using Geneious 9.1.2 (http://geneious.com, Kearse et al. 2012) . Concatenated phylogenetic analysis of 18S and 28S rDNA sequences was carried out using Bayesian inference (BI) in MrBayes 3.2.2 (Hastings 1970; Ronquist and Huelsenbeck 2003) . GenBank sequences of selected strongylids (Chilton et al. 2006 ; Supplementary material- Table S3 ) were added into the alignment of 18S rDNA and 28S rDNA for comparison. BI was done in two simultaneous runs of four Metropolis-couple Monte Carlo Markov chains of one million generations sampled each 100 generations and 25% generations discarded as burn-in. The GTR + I + Γ model of sequence evolution used in BI was chosen based on Akaike information criterion computed by Modeltest 3.7 (Posada and Crandall 1998) . The cox1 sequences were analyzed by BI as well, using the best-fit phylogenetic model GTR + G. Sequences of the same strongylid species included in analysis of nuclear DNA were added to the dataset, if available in the GenBank.
Results
Altogether, 89 western lowland gorilla from LNP, DFR, and CMNP, 35 African forest elephant from DSPA, LNP, and DFR, and 106 African forest buffalo fecal samples from DSPA and LNP were examined. Numbers of samples examined at each study site and from each host are showed in Table 2 . Prevalence of Mammomonogamus differed among t h e h o s t s a n d s t u d y s i t e s ( Ta b l e 2 ) . E g g s o f Mammomonogamus were found in gorilla feces in all but one locality (DFR). The prevalence in DSPA and LNP was similar, although the sample size differed. In CMNP, Mammomonogamus eggs were detected in only two of 46 gorilla fecal samples. Eggs of Mammomonogamus were found in elephant fecal samples in DSPA and LNP, but not in DFR. In buffalo feces collected in both LNP and DSPA, eggs of Mammomonogamus were detected. The prevalence in DSPA was much lower and unfortunately, eggs were not found in subsamples preserved in ethanol, thus the molecular analysis could not be performed. The size of Mammomonogamus eggs varied from 90 to 102.5 μm × 47.5 to 60 μm, the surface was slightly striated and the eggs contained 2-8 blastomeres. No apparent differences in morphology of eggs originating from different hosts or different localities were observed, however no statistical comparison was made.
In total, we managed to amplify the nuclear DNA from 28 eggs of Mammomonogamus isolated from nine gorilla (10 eggs), six elephant (10 eggs), and five buffalo (8 eggs) fecal samples, two adults of C. bronchialis, six adults of Syngamus sp. from three different blackbirds, and one carrion crow, and from two adults of M. laryngeus from one water buffalo (Table S1 ).We obtained 19 new sequences of 1163 bp of 18S rDNA from three elephant (6 sequences), four gorilla (5 sequences), and five buffalo (8 sequences) samples. All but one sequence were identical with sequences previously obtained from gorillas and elephants from DSPA (Červená et al. 2017) . The one sequence, marked as E1-b originating from an elephant fecal sample from LNP, differed in a single substitution. The second sequence obtained from another egg from the same fecal sample (marked as E1-a) was identical with the others. The two sequences of M. laryngeus were identical and differed from other Mammomonogamus sequences in 14 or 15 substitutions. Sequences of Syngamus sp. were identical in each host species. C. bronchialis differed in 16 substitutions from the Syngamus sequences.
The~684 bp fragments of 28S rDNA showed higher variability which is summarized in Table 3 . Nine sequences originating from five gorilla (5 eggs) and three elephant (4 eggs) fecal samples from DSPA were identical. Seven sequences obtained from four buffalo samples from LNP were identical, differing from sequences from all gorillas and elephants in eight or nine substitutions. Among the five sequences from three elephant fecal samples from LNP, only one sequence (marked as E2-b) differed by a single substitution; others were identical. Two sequences (marked as G2-b and G3) differing in a single nucleotide were amplified from two gorilla fecal samples from CMNP. One sequence, marked as G1-b, was obtained from a gorilla fecal sample from LNP, and it was identical with the sequence G2-b originating from CMNP and the four identical sequences from elephants from LNP. The difference between the sequence of M. laryngeus and other Mammomonogamus sequences was 38-40 substitutions and 13 insertions/deletions. The variability of the corresponding fragment of 28S rDNA in Syngamus sp. and C. bronchialis was low within hosts. The distance between C. bronchialis and Syngamus sp. reached 10%.
Sequences of both 18S and 28S rDNA were successfully obtained from 15 eggs from 4 buffalo (7 eggs), one gorilla (1 egg), and three elephant (5 eggs) fecal samples from LNP and two gorilla (2 eggs) fecal samples from CMNP and were used for subsequent phylogenetic analysis. To reduce the bias in the analysis, identical sequences of Mammomonogamus from gorillas and elephants from DSPA were reduced to two sequences, each representing one host species. Likelihood mapping of the final alignment of 1927 bp of 18S rDNA and 28S rDNA of 57 taxa showed only 2.2% of unresolved and 1.3% partly resolved quartets (Fig. 2) . The tree resulting from a concatenated Bayesian inference revealed three clades of African Mammomonogamus (Fig. 3) . The first clade is formed by sequences of Mammomonogamus originating from buffaloes from LNP, the second clade includes sequences of Mammomonogamus from gorillas and elephants (LNP, CMNP, DSPA) further subdivided according the locality. Mammomonogamus sequences formed altogether a monophyletic highly supported clade. Sequences of the remaining syngamids, represented by Syngamus and Cyathostoma, cluster in another, well supported clade rather distant from that of Mammomonogamus.
The 375 bp amplicons of cox 1 were successfully obtained from 19 eggs originating from four gorilla (6 eggs), four elephant (5 eggs), and five buffalo (8 eggs) fecal samples. Seven haplotypes of cox 1 already known from gorillas and elephants from DSPA (Červená et al. 2017 ) were added to the dataset. Two identical sequences were amplified from adults of M. laryngeus. In addition, five sequences of Syngamus sp. were obtained from three blackbirds and one crow and two sequences of C. bronchialis from a goose were amplified.
The final alignment, comprising 101 taxa covering obtained sequences and GenBank sequences of species included in the phylogenetic analysis of ribosomal DNA was tested by likelihood mapping which showed 2% of unresolved and 3.9% partly resolved quartets. The tree resulting from BI displayed polytomies in deep nodes (Supplementary material- Fig. S4 ) thus, based on the topography of the phylogenetic tree of 18S and 28S rDNA, only Mammomonogamus sp. sequences were chosen for the phylogenetic analysis. Five sequences of Necator americanus were used as an outgroup. The tree resulting from the BI showed three distinct clades within the African Mammomonogamus sequences corresponding to the clades described in the analysis of nuclear DNA (Fig. 4) . Mammomonogamus laryngeus clustered apart from the African Mammomonogamus clades. Within the new 19 African Mammomonogamus sequences, 11 haplotypes could be distinguished. Five haplotypes occurred in buffaloes, differing from each other in one to seven substitutions and represented by one or two sequences. Among the sequences of elephants and gorillas from LNP and CMNP, six haplotypes were discriminated. The most numerous haplotype was represented by five sequences amplified from two elephant and two gorilla fecal samples from LNP, differing from the others in two to six substitutions. The other five haplotypes were represented by one or two sequences. Co-infection by two haplotypes Fig. 2 Likelihood mapping of alignment of 57 sequences of 18S and 28S rDNA. (a) showed only 2.2% of unresolved and 1.3% of partly resolved quartets, while the alignment of 101 sequences of cox1 (b) showed 2.0% of unresolved and 3.9% of partly resolved quartets Fig. 3 Phylogenetic tree based on Bayesian inference of concatenated 18S rDNA and 28S rDNA sequences. Sequences in red originate from the Loango National Park in Gabon, where African forest buffaloes (B), African forest elephants (E), and western lowland gorillas (G) live sympatrically. Sequences in black were obtained from gorillas and elephants from the Dzanga Sangha Protected Areas (Central African Republic) and Campo Ma'an National Park (Cameroon). Sequences from Metastrongylus elongatus, Protostrogylus rufescens, and Aelurostrongylus abstrusus used as an outgroup are not displayed. Node-supporting values refer to BI posterior probability (values above 0.9 displayed only) was found in one gorilla and one elephant sample; three haplotypes were detected in one buffalo fecal sample (Supplementary material- Table S1 ).
Pairwise sequence distances (PSD) were calculated within and between each Mammomonogamus clade (Table 4a) . While the distance inside the clades was very low varying from 0.27 to 2.13%, the distances among all African clades e x c e e d e d 1 0 % . T h e d i s t a n c e b e t w e e n A f r i c a n Mammomonogamus and M. laryngeus was 20.8-23.2%. For comparison, PSD were calculated for syngamids from birds and Ancylostoma spp. (Table 4b , c). The difference between the Syngamus sp. from blackbirds and Syngamus sp. from crow varied around 10%, while the difference between Syngamus sp. from crow and S. trachea from GenBank (number NC_013821.1, originating from an Australian magpie Gymnorhina tibicen Latham, 1802) was only 0.8%. Syngamus sp. sequences differed from C. bronchialis in 11.73 to 13.87%. 
Discussion
In our set of samples, Mammomonogamus nematodes appeared to occur broadly among the studied hosts, namely western lowland gorillas, African forest elephants, and A f r i c a n f o r e s t b u f f a l o e s . We d e t e c t e d t y p i c a l Mammomonogamus eggs at all but one study site (DFR). At two localities (LNP and DSPA), all three sympatric host species were found to host Mammomonogamus. As the numbers of Mammomonogamus eggs in feces tend to be rather low, it is possible that recorded prevalence values are influenced by false negativity of part of the fecal samples. Our previous study on a group of frequently sampled lowland gorillas in DSPA showed the cumulative prevalence reaching 100% (Červená et al. 2017 ). Despite our expectations, the analysis of 18S and 28S rDNA and cox1 showed diversity of Mammomonogamus among studied hosts and different study sites. Although the 18S rDNA sequences were identical in all but one African sample, those of 28S rDNA differed markedly. The topology of the Mammomonogamus phylogenetic trees resulting from the analysis of nuclear and mitochondrial DNA markers showed almost identical branching patterns, with sequences of Mammomonogamus from forest buffaloes branching separately from the elephant-gorilla clade and from M. laryngeus. Since the genus Mammomonogamus is traditionally assigned to the family Syngamidae, we extended our dataset by comparative sequences of Syngamus spp. and C. bronchialis. Quite surprisingly, the family Syngamidae invariably appeared as paraphyletic in our analyses, while all Mammomonogamus sequences always clustered in a monophyletic, well supported clade. The distinctiveness of Mammomonogamus from other syngamids is further supported by differences in egg morphology. We suggest that the biological and morphological traits used for the definition of Syngamidae may not be true synapomorphies and grouping of current syngamids seems to be rather artificial. Under such a scenario, permanent copulation and affinity to respiratory tract have evolved independently among strongylids parasitizing avian and mammalian hosts. This issue and its reflection in taxonomy should be addressed in future studies.
Rapid evolution of the mitochondrial DNA and high substitution rates (Blouin et al. 1998 ) makes the cox1 gene a suitable marker for analyses of closely related taxa. The cox1 sequence difference within a single species usually varies from a fraction of a percent up to 2% with the maximum difference observed between two members of one interbreeding population reaching 7%. In comparison, the difference between two closely related species usually ranges from 10 to 20% (Blouin et al. 1998; Blouin 2002; Traversa et al. 2008) . The pairwise sequence distance (PSD) between the cox1 sequences of Mammomonogamus from forest buffaloes and from sympatric gorillas and elephants reaches more than 11%, suggesting a lack of the genetic flow between the two Mammomonogamus populations in sympatric hosts. The PSD in our Syngamus sequences differed in approximately 10% between those from a crow and blackbirds; however, the difference between the Syngamus sp. from crow and S. trachea from GenBank was only 0.8%, suggesting their conspecificity. Study of cox1 sequence diversity within the family Ancylostomatidae (Hu et al. 2002) showed the lowest difference between two distinct species was 4.8%. In our dataset, the differences between separate Ancylostoma species ranged around 10%. However, the PSD within the sequences of A. caninum reached more than 9%, which is comparable with previously known data (Hu et al. 2002; Miranda et al. 2008) .
The difference between the two clades comprising sequences originating from gorillas and elephants is comparable, implying also the existence of two different Mammomonogamus species common for gorillas and elephants. As parasites during the freeliving stages usually have only limited dispersal capability and the host movements are the main routes for gene flow among the parasite populations, two factors limit the gene flow between any two parasite populations and determine the genetic structure of the parasite metapopulation. First is the geographical distance between populations, and the other is the mobility of the most vagile of the host species used by a parasite for the completion of its life-cycle (Poulin 2007b) . Vagility of gorillas and elephants across Central Africa has always been limited by natural barriers (e.g., big rivers); however, the forest fragmentation and poaching pressure nowadays increasingly delimit the home ranges of these species (Blake et al. 2007 , Rabanal et al. 2010 , Maisels et al. 2013 , Fünfstück et al. 2014 . Although certain interference of Central African gorilla and elephant populations is beyond any doubt (Clifford et al. 2004; Ishida et al. 2013; Fünfstück and Vigilant 2015) , we believe that the observed difference in cox1 sequences between elephant-gorilla M a m m o m o n o g a m u s i n D S PA a n d a n a l o g o u s Mammomonogamus in LNP and CMNP results from the geographical distance and disconnectedness of populations of forest elephants and gorillas at these sites. Considering also the data from analysis of nuclear DNA markers, we believe that Mammomonogamus infecting elephants and gorillas throughout Central Africa can still be treated as a single species.
Two filters, encounter and parasite-host compatibility, delimit the host specificity of parasites (Combes 1991) . All three studied host species share the environment extensively; thus, it is obviously the compatibility filter that defines the host specificity of Mammomonogamus. Although gorillas and elephants are phylogenetically distant species, they are both hind-gut fermenters with considerable diet overlap, including plant roots, stems, leaves and fruits from the same species (Blake 2002; Morgan and Lee 2007; Masi et al. 2009; Masi et al. 2012) . As buffaloes are ruminants and grass represents the main part of their diet (Bekhuis et al. 2008) , there is a significant difference in their feeding habits and the environment within their gastrointestinal tract. Although the life cycle of Mammomonogamus is not completely known, it is possible, that digestive physiology together with the dissimilarity of the respiratory tract morphology affects the transmission pattern of these helminths. O u r s t u d y r e v e a l e d t w o p u t a t i v e s p e c i e s o f Mammomonogamus found partly sympatric across the studied localities. However, assigning names to these taxa is complicated. Unfortunately, we did not obtain any adult helminths; n e v e r t h e l e s s , t h e t a x o n o m y o f t h e A f r i c a n Mammomonogamus species is unclear anyway. Most taxonomic descriptions are rather vague and, except for M. nasicola, none of the named species has been recorded ever since. Although the description of M. loxodontis is also not very thorough (Vuylsteke 1935, Table 1 ), this name remains a plausible candidate applicable to the species infecting elephants and gorillas across Central Africa, as suggested previously (Červená et al. 2017 ). There are three other nominal species that should be considered in a quest for naming the Mammomonogamus in African forest buffaloes (M. nasicola, M. okapiae, and M. hippopotami). Mammomonogamus nasicola has already been recorded in forest buffalo in Central African Republic (Graber et al. 1971) . When comparing its morphology description with M. okapiae, the measurements are almost identical (Table 1) . As both species infect ruminants and are found basically in the same parts of respiratory tract, M. okapiae might represent a junior synonym of M. nasicola. The remaining species, M. hippopotami, differs in its morphology from its other congeners (e.g., double the size, different number of ribs) and remains another enigmatic member of the genus. Based on available evidence, we suggest the species of Mammomonogamus infecting forest buffaloes in LNP to be referred to as M. nasicola.
In conclusion, although the morphology of adult worms remains an important criterion for species discrimination, the DNA based taxonomy represents a suitable tool for accurate parasite identification. If the public sequence repositories contain sequences originating from morphologically determined adult helminths, the proper identification is possible even from a single egg. Nevertheless, even without adults, this approach allows the assessment of host specificity of parasitic helminths in multiple host systems. Our data proved existence of at least two distinct species of Mammomonogamus infecting the large herbivores of Central Africa, most probably M. loxodontis and M . n a s i c o l a . M a m m o m o n o g a m u s o k a p i a e a n d M. hippopotami remain enigmatic species, and their status can only be assessed with new material. However, as okapis are critically endangered, parasite collection from these elusive forest herbivores represents an unquestionable challenge.
